Objective: To estimate the relationship of Food Craving (FC) behavior with females' Body Mass Index (BMI), and body-composition. Design, setting and participants: A cross-sectional study of 302 reproductive-age women from middle-socioeconomic class was conducted at the Health & Occupational-Environmental Laboratory. Variable Measures: A FC behavior questionnaire (FCQ) was designed and validated in 151 female subjects. This questionnaire evaluated five dimensions: FC-leisure, FC-psychological reactance, FC-depression, FC-anxiety/stress, and FC-anger. Dependent variables were Body Mass Index (BMI, kg/m 2 ) and the body fat mass. Interventions: A second group of 151 women completed the FCQ. Anthropometrical variables were recorded using the International Society for the Advancement of Kinanthropometry procedure. Analysis: A multiple regression-analysis using STAT-ISTICS version 7 was performed to determine the relationship of FC behavior with anthropometrical variables described. Results: We demonstrated that 98.7% of women had FC behavior. Women with higher BMI had higher scores of FC-depressions (p = 0.02) and FC-anger (p = 0.007). Food craving behavior (p < 0.0008), and food psychological-reactance (p = 0.006), were positive predictors of BMI; food psychological reactance was also a positive predictor of upper and lower-body fat mass (p = 0.005) and (p = 0.008), respectively. Conclusion and Implications: The food craving behavior is a common problem in the female population. Food psychological reactance, in addition to another affective alteration that present the population of women are predictor variables for the increase in BMI and in body-fat mass. It is important that health professionals are aware of the affective states of their patients.
Introduction
Food Craving (FC) or "foodcraving" is a motivational state that promotes ingestive behaviors [1] . It is often described as an irresistible urge to eat food, differing from the normal physiological sensation of hunger. FC is triggered by certain emotional states, such as psychological and physical stress, anxiety, depression, anger, or psychological reactance to food [2] [3] [4] [5] .
This research was based on the cognitive theory of Vecina [6] . This theory defines the emotions as adaptive trends associated with physiological manifestations, subjective experiences, and information processing prior to an event. Psychological-emotions are generated from the limbic system, the cortex, and neocortex. A person seeks to generate positive emotions (contentment, satisfaction, pride, hope and peace) and avoid negative emotions (sadness, anger, anxiety, boredom, irritability, grief fear and anger) [6] .
Food craving behavior (FCB) is manifested as a positive emotion. This can lead to repetitive food intake leading to obesity and counterproductive emotional states.
The prevalence of FCB reported from previous studies varies worldwide [2] [7] [8] [9] [10] [11] . Results range from 28% to 97% [9] [10] [11] . This phenomenon is found more frequently in female subjects allowing researchers to generate hypotheses from a biological approach related to psycho-endocrinology. For example, changes in eating behaviors during the menstrual cycle and states of mood variations are more frequently reported in female subjects [2] - [11] . However, there are limited studies evaluating FCB in females. The cause has not been fully defined. One limitation is from lack of valid and sensitive instruments to measure the FC variable [12] [13] [14] [15] [16] . Therefore, we hypothesized that the frequency of FCB is high and this is between FCB and females' affective states, body fat, and BMI. The aims of our study were: 1) to develop and validate a questionnaire to measure FCB in females; 2) to estimate the relationship of FCB with females' affective-states, Body Mass Index (BMI), body-composition, and 3) to determine the differences in the score of the FC behavior in females during the menstrual cycle, and with the practice of physical exercise. 
Methodology

Ethical and Legal Consideration
Subjects
Subjects eligible to participate in this study included: 1) reproductive age women between age 18 -40 years; 2) residents of urban areas of the city; 3) those who had adequate level of schooling to read, understand, and answer the FCQ; 4) normal frequency of menstrual cycle (≥21 and <35 days); 5) without physical-anatomical alterations; 6) nor use any drugs for weight control or for mood alterations such as anxiolytics or antidepressants [18] . Women with any psychopathology that affected the study variable (FCB), such as anorexia, bulimia nervosa or other eating disorders, diabetes, polycystic ovary syndrome, hypothyroidism, delayed adrenal hyperplasia, Cushing's syndrome, Addison's syndrome, insulin resistance or metabolic syndrome were excluded. Participants were evaluated from August 2012 to August 2014.
Sample Size and Procedure to Select the Subjects
The sample size was calculated with the EPIDAT 3.1 software (http://dxsp.sergas.es). The parameters considered were size of the population of reproductive age women from our city (655, 861 habitants), and expected proportion of individuals with FCB of 90%, with an absolute accuracy of 5%, according to the international literature [9] [10] [11] . With these parameters a sample size of 139 subjects was calculated. We considered 151 female subjects as a sample size for this study.
Validity and Reliability of Food Craving Questionnaire (FCQ)
The FCQ was validated in 151 subjects. Participants were of middle socioeconomic class and residents of the urban areas [19] . To validate the FCQ, we used the technique of natural semantic networks (NSN) [20] . This technique highlights the importance of measuring the psychological significance in the construction of a questionnaire. In our study, subjects were required to perform the following two fundamental tasks: 1) define with clarity and precision the stimulus presented to them using a minimum of five single words that related to FCB;
2) read their defining word and assign numbers based on the importance of proximity or considered for encouragement. From this, we identified the psychological concept of FCB for the study population and the main situations it occurs. We developed a test plan consisting of the theoretical basis of the study variable (FCB). Once, we have the conceptual definition of FCB variable, we identify, and conceptualized the factors (dimensions), which make up the variable (FCB), which were: anxiety, stress, depression, leisure, food psychological reactance, and anger. Each factor had a requirement for a minimum of "five" questions (items).
Standardization of Food Craving Questionnaire (Analysis of the Items)
To standardize the FCQ, we proceeded to evaluate: a) Distribution: 36 items had positive bias (>0.5): items 1 -3, 5 -35, and 37. Item 36 exhibited negative bias (<0.5). Four of the items presented a normal distribution; b) directionality: items 1 and 7 had a flattened frequency indicating that the remaining items were consistent with the theory; c) discrimination: A Student's t-test was performed for independent samples. The items were statistically significant (p < 0.05) and no items were discarded; d) internal consistency: to determine that the items were consistent with each other a Cronbach α analysis was performed. The correlation of the total corrected element from each of them was greater than 0.2 which indicated all items were consistent with each other (α = 0.92).
Validity of the Food Craving Questionnaire
The validity of the FCQ was determined using a factorial statistical analysis. Six items were removed because they presented with values less than 0.4 in the matrix of rotated components (items 1, 7, of leisure; item 18 of anxiety; items 21 and 25 of depression; and item 26 of anger, as defined in test plan described previously). The results of the factor analysis showed six factors in the matrix of rotated components, orthogonal rotation method. Rotation converged in 9 iterations. A factor was removed because not present the appropriate values for the rotated component matrix (<0.4), giving a total solution of 5 factors and 30 items, as well as the total of items for each factor. Subsequently, the total variance explained in each of the factors in the FCQ using the extraction method of principal component analysis, where it was observed that the five factors explain 63.5% of the phenomenon anxiety described by the food. The reliability of the instrument was determined by Cronbach α statistical analysis for the remaining 30 items. A value of α = 0.92 for total test which indicated there were high levels of reliability.
Procedures
Once the study was approved by the Ethics Committee (described above), volunteers gave their consent to participate in the study. Participants answer questions related to the clinical history: age, occupation, place of residence, schooling level, civil status, income, gynecological data (age at menarche, characteristics of the menstrual cycle, use of oral contraceptives, and number of pregnancies, abortions, and cesarean sections). We also asked questions about practice of physical exercise (type of physical exercise, time since practice, number of days per week of practice, and duration in minutes), following the criteria of the American College of Sports Medicine [21] . Subsequently, the participants answered the FC behavior questionnaire described above.
Anthropometrical Evaluation
The anthropometrical measurements followed guidelines according to the In-ternational Standard for the Anthropometrical Assessment of the International Society for the Advancement of Kinanthropometry (ISAK) [22] . We measured the weight, height, and skin-fold thickness of triceps, thigh and supra-iliac. The measurement of height was determined with a stadiometer brand SECA with a precision of 1 mm. The evaluation of the body fat mass (BF) was determined by two methods: a) through skin-fold technique [percentage (%) BF-SK)] using a caliper Harpenden® with a precision of 0.2 mm and 0.20 mm graduation; and b) BF determined by bioelectrical impedance analysis (% BF-BI) by Omron® Scales HBF-400 (Omron Healthcare CO., LTD. Japan). Lean body mass (LBM) or mass free of fat was then estimated using the difference of body weight and the percentage of BF [23] . For this study, the BMI was considered to define the criteria of low weight (<18.5, kg/m 2 ), normal weight (18.5 to 29.9, kg/m 2 ); overweight (25 to 29.9, kg/m 2 ); obese class I (30 to 34.9 kg/m 2 ), obese class II (35 -39.9, kg /m 2 ), morbidly obese (>40, kg/m 2 ) [24].
Statistical Analysis
The data was analyzed with the STATISTICS version 7.0 (Stat-Soft, Inc. Tulsa A forward step wise multiple regression analysis was performed, using as dependent variables, the anthropometrical data above mentioned, as independent variables, the FC behavior score and all FC dimensions (FC-anxiety-stress, FCdepression, FC-leisure, FC-psychological-reactance and FC-anger).
Maximum Rating and Intensity of the Food Craving Behavior by Dimensions' Components
For this study, we define a total score of FC behavior = 120 Maximum rating, considering a low scores from 31 -60 points, moderate, from 61 -90, and for severe FC behavior from 91 -120 points respectively. For leisure maximum scores was 12 points, for low (7 -12) , moderate (13 -18) and severe (19 -24) points, respectively. For anxiety/stress dimension, the maximum score was 40 points, being for low score of (11 -20) , for moderate (21 -30) and for severe (31 -40). For depression dimension, the maximum score was 12 points, being for low (4 -6), for moderate (7 -9) and for severe (10 -12) points respectively. Anger dimension's maximum scores was 24 points, being for low (7 -12) , for moderate (13 -18) and for severe (19 -24) points, respectively. The maximum score of food psychological-reactance was 20 points, being for low (6 -10), for mod-erate (11 -15) , and for severe (16 -20) points, respectively. A Chi-squared test was performed to determine the association between the FC behaviors, frequencies among females' BMI category. In all cases, a p-value of ≤0.05 was considered statistically significant.
Results
General Characteristics of the Women
The average age of the participants was 23.0 ± 6.8 years; they had an average schooling level of 13.3 ± 3.0 years. The distribution of the occupation of the volunteers demonstrated that 10 (6.6%) make home activities, 7 (4.6%) were employees, 17 (11.3%) had a professional career, 115 (76.2%) were students; one woman (0.7%) was merchant, and other activities just one woman (0.7%). In relation to the civil status, 131 (86.8%) of the sample reported marital status was single and 18 (11.9%) were married, divorced and free union were 2 (1.4%) respectively. The socioeconomic level measured through Bronfman method indicates that 96.7% of participants belonged to the middle socioeconomic class [19] .
The results of the anthropometrical and body-composition variables are shown in Table 1 . In this study, we demonstrate that 7 (4.7%), were low body weight; 89 (59.3%) of the subjects were normal weight, 44 (29.3%) were overweight, and 10 (6.7%), were obese grade I. Nevertheless, Table 1 , shows the women's average body-fat mass was above the normal ranges (% BF-BI = 29.6 ± 7.6, and % BF-SK = 41.0 ± 20), respectively. 
Food Craving, Menstrual Cycle and Physical Exercise
The average age at menarche was 12.2 ± 1.4 years; and 127 volunteers (84.1%) had a length of the menstrual cycle of ≥21 to 28 days, and 24 (15.8%) ≥ 28 to 35 days, respectively. At time of interview, 52.8% of the volunteers were at follicular phase and 47.2% were in the luteal phase of the menstrual cycle. In this study, we did not find statistical differences when we compare the median scores of FC behavior between females at the follicular and those at luteal phase of the menstrual cycle (Mann-Whitney U tests = Z-0.09, p > 0.05).
In this investigation, we found that 72% of subjects reported practice physical exercise (PE) frequency of 3.5 ± 1.4 days of week lasting 78.8 ± 46.5 minutes per day; 74 females (69%) practice moderate-intensity PE, for 19 (18%) was intense, and for 15 (14%), was low-intensity. The results of Mann Whitney U test showed no significant difference in the median level of FC behavior among women who were in regular physical exercise in comparison with females were not practicing regular exercise (Z = −0.43, p = 0.7).
Frequency of Food Craving Behavior
One hundred forty-eight (99%) of females had FC behavior; 126 (83%) were low-degree FC behavior, 22 (14.6%) were moderate, and only one women (0.7%) had severe FC behavior. The main trigger factor of the FC behavior was the leisure in 96% of participants in the study; following by food psychological reactance (89%), depression (82%), anxiety/stress (80%) and anger (13%), respectively. Table 2 presents the frequency of FC behavior of women stratified by their BMI, showed that normal weight, overweight, and obese females had prevalence of 59%, 29%, and 7%, of FC behavior, respectively (Pearson chi-square = 10.56, p = 0.01). However, 85% of women had a score indicative of mild intensity FC behavior and 54% of them were normal weight. Table 3 shows the results of the median (minimum and maximum) values and Kruskal-Wallis test, demonstrating that there were statistical differences of FC behavior among females with normal weight, overweight and obese (H of K-W = 10.05, p = 0.01), being higher in those women with higher BMI. Women with higher BMI, also had higher scores of FC-depression (p = 0.02), FC-anger (p = 0.007), and FC-psychological reactance (p = 0.008). 1-4) . The results of multiple regression tests enable us to predict with 95% of probability that a woman from the general population with the characteristics of the study sample and higher BMI and body fat mass will have a higher score of FC behavior. Table 4 shows that food craving behavior; food psychological-reactance and anger were significant predictors of BMI and body fat mass. It is noteworthy that women, who present a higher score in food psychological reactance, have a significantly higher body fat mass and higher BMI.
Discussion
Frequency of Food Craving Behavior
In the present study, we validate a questionnaire of FC behavior in 151 reproductive age female subjects. There are limited studies done regarding FC behavior in Latin America. In Spanish-speaking populations, the term "food craving"
is not well known. We defined FC behavior in our population as "the desire women have to consume food without having the emergence of hunger." From this definition, we designed and validated the FCQ.
The results of this investigation indicated the prevalence of FC behavior in this sample of reproductive age female subjects were high (99%). Mild, moderate, and severe FC behavior prevalence were 85%, 15%, and 0.7% respectively. There the term of FC behavior. However, the high prevalence of FC behavior found in the present study is similar to that reported for many investigators around the world [8] [15] [25] . One example is the study by Weingarten & Elston, these investigators evaluated 1000 college students, through a questionnaire regarding FC behavior. The researchers showed that 97% of women experienced this behavior [25] . In the study conducted by Osman in a sample of university students, 91% of American women and 90% of Spanish females presented FC behavior [8] .
The prevalence of FC behavior in North America reported by Yanovski in 2003 was 97% [15] .
Analyzing the results of the various studies around the world, we observed a broad prevalence of FC behavior. [8] [9] [10] We believed that differences could be due the diversity of instruments used to evaluate the FC behavior, different criteria to study the FC behavior, various sample sizes and the eligibility criteria for selecting the sample of women studied [8] [9] [10] [15] . We also believe that one of the reasons for these discrepancies are differences in the lexicalization, conceptualization and methodologies defined in the study of FC behavior. In our study, we avoided many of these problems. We utilized a valid and reliable instrument for measuring the FC behavior. The questionnaire used in this study was validated according to the socio-cultural characteristics of the study population accounting for biological factors associated with FC behavior, and the women's affective states, like anxiety-symptoms, stress, depression, anger, leisure and food psychological-reactance.
Food Craving a Frequent Problem in Women
The FC behavior is a phenomenon that occurs more often in women. Results of Osman's study showed the prevalence of FC behavior was greater in women than in men [8] . Weingarten & Elton's study reported the prevalence of FC behavior was 29% higher in females compared to males [25] . The results of several studies worldwide have shown that women are more likely to have FC behavior related to female's affective states triggering FC behavior. Researchers from several countries demonstrated that women have eating-disorder symptoms associated with anxiety, stress, depression, changes in the behavior, and low self-esteem; the latter three times less common in males than in females [7] [8] [9] [10].
Food Craving, BMI and Body Composition
In this investigation, we stratified women according to their BMI and compared the frequencies of FC behavior among females with low-, normal-, and overweight, and obese; the results were 4%, 60%, 29%, and 7%, respectively. In this investigation, we found that women with normal weight had higher frequency of FC behavior. This result could be explained because women have more stress, and anxiety to maintain their normal body weight, in a demanding society to give greatest value to the thinness and lean physical appearance [1] [4] . We also demonstrated that: 1) the prevalence of mild intensity FC behavior in the volunteers was more frequently observed among women of normal weight (54%); 2) the prevalence of FC behavior of moderate intensity was presented more in women who are overweight (7%); and 3) severe FC behavior, were reported in only 0.7% of women. However, when we compare the median scores of FC be-havior of the women stratified according to their BMI, those with the highest BMI had the highest scores of FC behavior. The results of multiple regression tests enable us to predict with 95% of probability that a woman from the general population with the characteristics of the study sample, will exhibit greater intensity of the food craving behavior as their body mass index and body fat increase. However, one limitation of this research is that the number of women with obesity and morbid obesity was very small. This because the vast majority of obese and morbidly obese women did not want to participate in the study (they did not accept that investigators would measure their weight or their body fat).
The results obtained in this investigation are consistent with reports of other investigators, who point out that the FC behavior is associated with eating problems behavior, body weight and BMI [7] [25] . However, some investigators did not find significant relationship between the FC behavior and BMI [10] [12] [16] . Another important aspect in the increase in body weight is that obese individuals with a higher score of FC behavior select foods with high-energy content. Therefore, the body composition of a person is important to consider in the study of FC behavior. An individual may have a higher BMI categorizing them as obese but their body-composition suggests they have a high lean body mass. In the present study, we found that individuals with high body fat had higher scores of FC behavior (p < 0.05).
Food Craving Behavior and Menstrual Cycle
Mood changes are frequent during the menstrual cycle and primarily occur during the premenstrual period [26] . In 2007, Hill demonstrated that mood changes trigger FC behavior [3] . The mood changes that trigger FC behavior could be generated, by multiple factors among which are variations in the levels of sex hormones during the menstrual cycle [26] . In a previous study, we demonstrated that leptin serum levels changes during the menstrual cycle in normal weight subjects; however, in obese females there were not changes in this protein serum level [27] .
In the follicular phase of the menstrual cycle (days 1 -14 from menstrual bleeding), an elevation of serum estrogen levels is associated with an increase of serotonin levels and improved mood. During the luteal phase of the menstrual cycle (15 -28 days from the start of menstrual bleeding), there is an increase in the levels of progesterone up to 1 -3 days before menstruation. Progesterone is a hormone that has anxiolytic properties [13] [14] [27] . In a previous study, we reported that during the luteal phase 30% to 35% of young women experienced symptoms of sadness, depression, anxiety and fatigue [13] . Therefore, fluctuations in the mood of women would be expected in the luteal phase of the menstrual cycle leading to emotional situations, which generate FC behaviors. In 2003, Cepeda-Benito and co-workers [2] demonstrated that 32% of the women perceived their desire to ingest food was related with the emotional changes during the menstrual cycle. Nevertheless, the results obtained in our present study showed no significant differences in scores of FC behavior of women who were in the follicular and luteal phases of the menstrual cycle (p > 0.05).
Affective States of Women and Food Craving Behavior
In our present investigation, study volunteers were classified per FC behavior triggers: leisure, anxiety/stress, depression, anger, and food psychological reactance. We found that 96% of the women studied reported leisure as their FC trigger. It followed in similar frequencies for food psychological-reactance, depression and anxiety/stress, and anger (highest to lowest, respectively). Women reported FC behavior during periods of leisure and rest. These feelings occurred when subjects were not at work, feeling bored, or at a social event where there is availability of food. However, the multiple regression analysis demonstrated food psychological reactance was a significant predictor of BMI and body fat mass ( Table 4 ). Psychological reactance is caused by food restriction or a lowcalorie eating plan or diet that limits the freedom to choose the food to be ingested; it consequently produces an increased desire to consume food. These diets cause feelings of physiological and psychological deprivation triggering FC behavior [1] [4] . Food is used as a means of distraction and alleviation of these negative moods causing FC behavior [1] [2] [4].
Conclusion
High frequency of the FC behavior found in this sample of reproductive age woman who lived in the urban areas of Leon, Guanajuato, Mexico was similar to that presented at the worldwide level. Women with higher score of food craving behavior and food psychological reactance (FPR) have higher BMI and higher body fat mass, compared with female with lower scores of FC behavior and FPR. The FC behavior is generated primarily by leisure, and negative moods such as food psychological reactance, followed by depression (sadness), anxiety/stress, and less frequently anger. Therefore, the study of FC behavior may be the key to identify possible eating behaviors that lead to increased weight and body fat or failing in eating behavior disorders. It is noteworthy that the phases of the menstrual cycle were not associated with the FC behavior. However, this study has limitations because most of the participants were non-obese women.
